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Objectives: to investigate the activity of matrix metalloproteinase (MMP)-2 and -9 in asymptomatic abdominal aortic
aneurysms (aAAAs) and ruptured abdominal aortic aneurysms (rAAAs).
Design: cross-sectional study.
Materials and methods: MMP-2 and MMP-9 activity was estimated in biopsies from the anterior wall of 60 AAAs
using gelatin zymography. There were 20 medium-sized (diameter 5<7 cm) aAAAs, 20 large ([7 cm) aAAAs and 20
rAAAs. MMP activity was quantified using a laser densitometer and expressed as arbitrary units (au).
Results: mean (SEM) MMP-9 activity was significantly lower in large aAAAs (1190 au±247) than in rAAAs (2647 au
±498, p<0.05). There was no difference in MMP-2 activity.
Conclusion: High MMP-9 activity in the AAA wall is associated with rupture.
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Introduction to the normal aorta.11 MMP-9 is produced in mono-
nuclear cells in the AAA wall.12 Different MMPs may
The development of abdominal aortic aneurysms be active at various times during aneurysm formation,
13 as the expression of MMP-9 mRNA was found to be(AAAs) is characterised by inflammation, degradation
and remodelling of the aortic wall. The predominant significantly higher in asymptomatic AAAs (aAAAs)
5–6.9 cm in diameter, compared to smaller and largerproteins of the aortic wall are collagen and elastin,
which provide the structural integrity and the main AAAs.14 However, aAAA is a heterogeneous group,
containing aneurysms in different stages of de-mechanical properties of the normal aorta.1 Histo-
logical studies demonstrate significantly altered archi- velopment, not only in relation to size but also to the
extent of matrix destruction. Hypothetically, largertecture of the aortic wall in aneurysms, with
disruption and fragmentation of elastin fibres and aAAAs comprise a selected group of aneurysms, which
retrospectively had a low risk of rupture and ruptureddisordered collagen deposition. Elastin degradation is
believed to be a primary event in aneurysm formation, AAAs (rAAAs) represents aneurysms which had a
high risk. By analysing these two groups of AAAs, it2 and the elastolytic activity in the aneurysm wall is
increased compared to normal aorta.3 Regardless of may be possible to reveal factors related to rupture.
The aim of this study was to investigate the activityaneurysm size, elastase activity has been found sig-
nificantly higher in ruptured than in non-ruptured matrix metalloproteinase (MMP)-2 and -9 in aAAAs
and rAAAs using gelatin zymography. Activity inaneurysms.4 Gelatinase A (MMP-2) and gelatinase B
(MMP-9) are involved in aneurysm disease5–7 and both large (diameter [7 cm) aAAAs and rAAAs were of
special interest, to investigate whether MMP activityare capable of degrading the same matrix substrates,
8 among these elastin.9,10 MMP-9 appears to be the may be related to AAA rupture.
predominant proteinase in AAAs in terms of mRNA
expression, and the ratio of MMP/tissue inhibitor of
metalloproteinases is increased in the AAAs compared
Materials and Methods
Sixty patients undergoing infrarenal AAA repair at∗ Please address all correspondence to: E. Petersen, Department of
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Table 1. Patient characteristics. Committee, Umea˚ University Hospital and reported
to the Central Control of Registers. All patients gaveMedium- Large
sized aAAAs informed consent.
aAAAs rAAAs
(n=20) (n=20) (n=20)
Age (years) 69 67 68 Specimen sampling
(median-range) (52–80) (57–84) (56–81)
Gender (M/F) 15/5 15/5 18/2
Current smoking (%) 40 40 45 Full thickness specimens were collected from the cent-
Diagn. of hypertension (%) 55 70 30 ral part of the anterior wall of the AAA. The specimens
AAA diameter (cm) 5.6±0.1 8.0±0.3 6.7±0.3
were cleaned and dissected and stored at −70°C.(mean±SEM)
rAAAs: ruptured abdominal aortic aneurysms. aAAAs: asympto-
matic abdominal aortic aneurysms. Medium-sized: (5<7 cm). Large:
([7 cm). Extraction of matrix metalloproteinases
Full thickness AAA tissue (approximately 2 g of wetwere studied (Table 1). Retrospective information on
weight) was rinsed twice with 10 volumes of 10 mMage, gender, and diagnosis of chronic obstructive pul-
Tris (pH 7.5), 5 mM EDTA, 0.15 M NaCl and 2 mMmonary disease or hypertension was obtained. The
phenylmethylsulfonylphluoride (PMSF) for 15 min onmaximal cross-sectional diameter of the AAA was
magnetic stirrer. The specimens were crushed to pow-measured by ultrasound and/or computed tomo-
der under liquid nitrogen and extracted three timesgraphy scanning, carried out less than 6 weeks before
by vigorous shaking with 10 volumes of 10 mM Trisoperation. In two cases of aneurysm rupture no pre-
(pH 7.5), 5 mM EDTA, 0.2 M NaCl and 2 mM PMSFoperative diameter measures were available and the
for 12 h. In some experiments during the extractiondiameter of the aneurysms was estimated pre-
procedure, a protease inhibitor N-p-Tosyl-l-lysinoperatively. Because of the known measure error in
Chloro-metyl Ketone (TLCK) was added. However,measuring aneurysm diameter,15 the diameter meas-
the inclusion of TLCK did not affect expression ofures were corrected to the nearest 0.5 cm. There were
MMP-2 or MMP-9 activity or the ratio of pro-enzyme20 medium-sized (diameter 5–6.5 cm) aAAAs, 20 large
to active enzyme. In the third extract of 0.2 M NaCl([7 cm) aAAAs and 20 rAAAs. Our definition of
we found only traces of protein and negligible ex-medium-sized and large aneurysms is in accordance
pressions of MMP-2 and -9. The first two 0.2 M NaClwith the definition used by other authors.14
extracts were combined, centrifuged at 20 000 g ofThe study was approved by the Scientific Ethical
30 min, and filtered millipore 0.2 m. Clear protein
solutions were used for zymography. The con-
centration of protein in each homogenate was meas-
ured (mg/ml).
Gelatin zymography
Gelatin zymography16 was performed on a 10% poly-
acrylamide gel slab (6 cm long, 0.75 mm thickness)
containing 0.3–0.6 mg/ml gelatin under Laemmli so-
dium dodecylsulphate polyacrylamide gel electro-
phoresis conditions.17 The 0.2 M NaCl protein solutions
were mixed 3:1 (vol/vol) with 4 times Laemmli sample
solution. The samples were kept for 1 h at room tem-
perature and used for zymography. Equivalent vol-
umes (20, 10 or 5 l) of each sample were loaded onto
the gel. Electrophoresis was carried out at 4°C for
2.5 h keeping the voltage constant at 140 V. Following
electrophoresis the gel was washed twice for 30 min
Fig. 1. Typical zymograms of a rAAA and a large aAAA. rAAA: each, in 100 ml of 2.5% Triton X-100, then rinsed threeruptured abdominal aortic aneurysm. aAAA: asymptomatic ab-
dominal aortic aneurysm. Large ([7 cm). kDa: kilodaltons. times with water and once with 0.05 M Tris buffer
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Table 2. Activity of pro- and active enzyme of MMP-2 and MMP-9 in zymographic gels. Total (pro- plus active
enzyme) and the ratio total MMP9/total MMP-2 (MMP-9/MMP-2) is calculated. The mean concentrations of protein
in extractions from groups are shown. The protein concentration in each sample was used to adjust the total MMP-
2 and total MMP-9 expression.
Medium-sized Large
aAAAs aAAAs rAAAs
Pro-MMP-2 (au) 529±69 485±65 596±91
Act-MMP-2 (au) 283±43 302±50 266±54
Pro-MMP-9 (au) 1118±147 750±87 1196±133
Act-MMP-9 (au) 492±107 310±56 411±64
Total MMP-2 (au) 812±103 787±108 863±137
Total MMP-9 (au) 1610±231 1060±138 1607±187
MMP-9/MMP-2 2.25±0.29 1.47±0.12∗ 2.46±0.34
Protein extr. (mg/ml) 0.98±0.10 1.38±0.17 0.86±0.11
Total MMP-2 per mg protein extracted (au/mg) 1092±205 851±214 1222±200
Total MMP-9 per mg protein extracted (au/mg) 1907±324 1190±247∗ 2647±498
(∗p<0.05 vs large aAAAs). Values are expressed as mean±standard error of mean. rAAAs: ruptured abdominal aortic
aneurysms. aAAAs: asymptomatic abdominal aortic aneurysms. Medium-sized: (5<7 cm). Large: ([7 cm). MMP:
matrix metalloproteinases. Au: arbitrary units.
Table 3. Multiple regression analysis. Aneurysm diameter is the
only variable, which is negatively correlated to protein adjusted
total MP-9 activity in patients with aAAAs. No variable was
correlated to protein adjusted total MMP-2 activity.
aAAA MMP-2 MMP-9
Beta p-value Beta p-value
Age −0.019 0.91 0.04 0.81
Diagnosis of hypertension 0.271 0.11 0.25 0.11
Current smoking 0.091 0.60 0.24 0.13
AAA diameter −0.216 0.18 −0.31 0.04∗
(∗p<0.05). aAAAs: asymptomatic abdominal aortic aneurysms.
(pH 7.5), containing 0.005 M CaCl2 and 0.001 M ZnCl2
in 0.01 M acetic acid. Then the gel was incubated in






























stained with Coomassie Brilliant Blue G-250 (Fig. 1).
The bands detected on the zymograms correspond to Fig. 2. Ratio between the activity of total MMP-9 and total MMP-
2 (MMP-9/MMP-2) in medium-sized and large aAAAs comparedpro- and active MMP-9 (92 and 84 kDa) and pro-
to rAAAs. The ratio is significantly higher in rAAA compared toand active MMP-2 (72 and 62 kDa), respectively. The large aAAAs (p<0.05). There are no differences between medium-
identity of these bands were confirmed using con- sized aAAAs and large aAAAs or rAAAs. Values are expressed as
mean±standard error of mean and compared with an analysisditioned media of phorbol 12-myristate 13-acetate ac-
of variance with Tukey HSD. rAAAs: ruptured abdominal aortictivated HL-cells, known to express MMP-2 and MMP- aneurysms. aAAAs: asymptomatic abdominal aortic aneurysms.
9 under these conditions,18 molecular markers and Medium-sized (5<7 cm). Large, ([7 cm).
recombinant MMP-2 and MMP-9. The gelatinolytic
activities were quantified by densitometry using a
2020 Ultrascan Laser Densitometer (LKB, Sweden).
The amount of protein in each lane has previously been Statistical Methods
determined to be in the linear range for densitometric
quantification. Each sample tested was elec- The results were reported as mean±standard error of
mean (SEM) and compared by analysis of variancetrophoresed twice and each lane on the zymogram
was scanned triplicate. The relative activity of MMP- ANOVA and Tukey’s HSD to determine differences
between groups. A multiple regression analysis and2 and MMP-9 (pro- and active enzyme) were expressed
in arbitrary units (au). Spearman’s rank correlation coefficient were used to
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no difference in total MMP-2 activity. Consequently,
the difference in MMP-9/MMP-2 balance between
large aAAAs and rAAAs was caused by significantly
lower MMP-9 activity in large aAAAs. No significant
differences were found in protein-adjusted total MMP-
2 or MMP-9 activity between medium-sized aAAAs
and large aAAAs or rAAAs (Table 2).
Discussion
The character of aortic wall appears to differ markedly
between different AAAs13,14,19,20 and may be related to
the risk of rupture. Investigating rAAAs and large


























When biopsying the aneurysm wall it is difficult toFig. 3. Total MMP-9 activity, quantified with respect to protein
be sure if the sample is representative; local differencesconcentration in each sample, in medium-sized and large aAAAs
and rAAAs. MMP-9 activity was significantly lower in large aAAAs in MMP activity are possible. We therefore chose to
than in rAAAs (p<0.05). There was no difference between medium- harvest biopsies in a standardised way, from the centralsized aAAAs and large aAAAs or rAAAs. Values are expressed as
part of the anterior wall of all aneurysms.mean±standard error of mean and compared with an analysis
of variance with Tukey HSD. rAAAs: ruptured abdominal aortic There are also problems using tissue homogenates,
aneurysms. aAAAs: asymptomatic abdominal aortic aneurysms. which may not represent the situation in vivo. ProteasesMedium-sized (5<7 cm). Large ([7 cm).
may be activated or deactivated, and not all the MMPs
may be extracted. The use of urea may be necessaryfind correlations between MMP activity and demo-
to extract MMPs tightly bound to matrix membranes.21graphic variables. The statistical program SPSS for
The ratio MMP-9/MMP-2 was significantly lowerWindows 10.0 was used. Statistical significance was
in large aAAAs than in rAAAs. This was due toset at 95% (p<0.05).
decreased MMP-9 activity and no change in MMP-2
activity. It may indicate that decreased MMP-9 activity
contributes to reduce the potential of rupture. The
MMP activity in medium-sized aAAAs falls betweenResults
those of rAAAs and large aAAAs. This group of
aneurysms is heterogeneous and results of presentMMP-2 and MMP-9 activities are shown in Table 2,
and zymographic patterns in Figure 1. analysis are difficult to interpret.
Large aAAAs may express lower MMP-9 activityMore protein was extracted from large aAAAs
(1.38±0.17 mg/ml) than from rAAAs (0.86±0.11 mg/ because of decreased production rate and/or a low
content of inflammatory cells, especially macrophages.ml, p<0.05) (Table 2), for which reason total activity of
MMP-2 and MMP-9 in each sample was appropriately Thus, large aAAAs contain lower levels of MMP-9
messenger RNA compared to medium-sized AAAs.14adjusted.
Multiple regression analysis showed that aAAA The presence of Chlamydia pneumoniae may also affect
MMP activity.22 MMP-9 may also be more tightlydiameter was significantly negatively correlated to
MMP-9 but not to MMP-2 activity (Table 3). There bound to tissue membranes in large aAAAs and con-
sequently not removed by extraction. However, thewas no correlation between rAAA diameter and MMP-
2 activity (r=0.14) or MMP-9 activity (r=0.02). MMP- increased protein extraction achieved in such an-
eurysms does not support this argument. There may9/MMP-2 ratio, which was not influenced by dif-
ferences in protein concentrations between samples, be more inhibitors in large aAAAs. MMP-9 activity
was negatively correlated to aAAA diameter becausewas significantly lower in large aAAAs (1.47±0.12)
than in rAAAs (2.46±0.34, p<0.05). There were no increasing diameter reflects a natural selection of an-
eurysms with low risk of rupture, while those withsignificant differences in the ratios between medium
sized aAAAs and rAAAs or large aAAAs (Fig. 2). high risk have ruptured.
MMP-9 is principally located to the macrophages ofThe protein-adjusted activity of total MMP-9 was
significantly lower in large aAAAs (1190 au±247) than the adventitia,12,23 which is the zone of remodelling.20
MMP-2 is preferentially localised to the media of thein rAAAs (2647 au±498, p<0.05) (Fig. 3), but there was
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7 Newman K, Malon A, Shin R et al. Matrix metalloproteinasesvascular wall.13 High MMP-9 activity, as we found in
in abdominal aortic aneurysm: characterisation, purification andrAAAs, may inhibit aortic remodelling, leading to their possible sources. Connective Tissue Res 1994; 30: 265–276.
8 Thompson RW, Parks WC. Role of matrix metalloproteinaseshigher risk of rupture. Low MMP-9 activity, on the
in abdominal aortic aneurysms. Ann NY Acad Sci 1996; 800:other hand, may permit remodelling of the adventitia
157–174.
and maintenance of aneurysm wall strength.24 Col- 9 Senior RM, Griffin G, Fliszar C et al. Human 92- and 72-
kilodalton type IV collagenases are elastases. J Biol Chem 1991;lagen synthesis is required for remodelling and this
266: 7870–7875.may explain the higher yield of proteins in extractions 10 Sakalihassan N, Delvenne P, Nusgens BV, Limet R, Lapie`re
from large aAAAs. Ultrasound studies of aneurysm CM. Activated forms of MMP-2 and MMP-9 in abdominal aortic
aneurysms. J Vasc Surg 1996; 24: 127–133.wall compliance in non-ruptured and ruptured an-
11 Tamarina NA, McMillan WD, Shively VP, Pearce WH. Ex-eurysms shows a diminished stiffness of the aneurysm pression of matrix metalloproteinases and their inhibitors in
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terioscler Thromb Vasc Biol 1995; 15: 1145–1151.procollagen,26 reflecting type III collagen turnover. This 14 McMillan WD, Tamarina N, Cipolone M et al. Size matters.
Relationship between MMP-9 expression and aortic diameter.suggests a highly active collagen metabolism and re-
Circulation 1997; 96: 2228–2232.modelling process, which may be opposed by MMP-
15 Ellis M, Powell JT, Place J et al. The limitations of ultrasound9 activity. in surveillance of small abdominal aortic aneurysms. In: Green-
halgh RM, ed. The Causes and Management of Aneurysms. London:Patients with an AAA might, theoretically, benefit
W.B. Saunders, 1990: 117–122.from MMP-inhibiting drugs. Recent studies show that
16 Heussen C, Dowdle EB. Electrophoretic analysis of plasminogen
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sulfate and copolymerized substrates. Anal Biochem 1980; 102:inhibiting tetracycline (Doxycycline).27,28
196–202.In conclusion, high MMP-9 activity in the AAA 17 Laemmli UK. Cleavage of structural proteins during the as-
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18 Devy L, Noel A, Baramova E et al. Production and activationanything about the pathological development of AAAs
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protein degradation and degradation products in the 19 Minion DJ, Davis VA, Nejezchleb PA et al. Elastin is increased
in abdominal aortic aneurysms. J Surg Res 1994; 57: 443–446.aneurysm wall are needed to confirm the hypothesis.
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